Objective: Inattentional blindness refers to a phenomenon in which individuals fail to notice an object in plain sight. Present in healthy, cognitively intact individuals, it has not been studied in patients with MS in whom it could theoretically act as a marker for real-world cognitive difficulties in those deemed cognitively intact on conventional neuropsychological batteries. Our hypothesis was that difficulty sustaining attention in patients with MS would paradoxically be associated with less inattentional blindness.
Inattentional blindness, also called perceptual blindness, refers to the phenomenon whereby individuals fail to notice an object in plain sight. It is thought to arise as a consequence of selective, focused attention in environments overloaded with sensory inputs. Although the phenomenon has been well described and replicated in healthy, intelligent individuals, it has not been studied in patients with neurologic disease associated with cognitive compromise, such as multiple sclerosis (MS).
A number of studies have shown that cognitive dysfunction affects 40%Ϫ60% of patients with MS 1 and is linked to greater difficulty finding and sustaining employment, managing relationships, and attending to basic activities of daily living. 2 Some patients found to be cognitively intact on psychometric testing may nevertheless experience similar difficulties, with depression cited as the most likely reason for their failings. Although the effects of depression on subjective 3 and objective 4, 5 indices of cognition are well described, it is also possible that neuropsychological batteries recommended for MS research tell only part of the story. Adding an inattentional blindness test to these batteries may therefore widen the scope of cognitive inquiry and in the process provide fresh insights into the nature of problems encountered. Here, an intriguing hypothesis is presented: the real-world deficits of distractibility and impaired vigilance, discernible on a conventional psychometric test such as the Stroop Test, may be associated, paradoxically, with less inattentional blindness. Put another way, lack of attention in patients with MS may allow them to detect extraneous environmental stimuli that their more focused, attention-intact fellow patients miss. This hypothesis forms the subject of the present study.
METHODS Subjects with MS. A consecutive sample of 68
patients between the ages of 18 and 59 attending 2 hospitalbased outpatient MS clinics was enrolled. Three subjects had to be excluded because of their familiarity with the Gorilla in the Room Test. All subjects met modified McDonald criteria 6 for a diagnosis of MS. Standard demographic and disease-related variables (type and course of MS, physical disability according to the Expanded Disability Status Scale 7 ) were collected.
Exclusion criteria included the presence of developmental delay, concurrent neurologic disease, enrollment in another study, major psychiatric illness (psychosis or dementia), substance abuse, a history of a traumatic brain injury, and visual acuity less than 20/100 in at least one eye.
Control subjects. Twenty-seven healthy control subjects were recruited and matched as a group to the patients with MS with respect to age, gender, years of education, and premorbid IQ.
Cognitive assessment. Subjects with MS were administered a consensus-derived battery of cognitive tests that has been developed for MS research, namely the Minimal Assessment of Cognitive Function in Multiple Sclerosis (MACFIMS). 8 Each test on the MACFIMS comes with published normative data (age-, gender-and education-specific, where appropriate) that are used for scoring purposes. These comprise the following 5 cognitive domains: 1) information processing speed: Paced Auditory Serial Addition test (PASAT) 3-and 2-second versions 2,9 and the Symbol Digit Modalities Test (SDMT) 2,10 ; 2) verbal and visual memory: California Verbal Learning Test-II (CVLT-II) 11 and the Brief Visuospatial Memory Test 12, 13 ; 3) executive function: Delis-Kaplan Executive Function System Sorting Test 14 ; 4) spatial processing: Judgment of Line Orientation 15 ; and 5) verbal fluency: Controlled Oral Word Association Test. 16 Failure on each test was defined as a score 1.5 SD below the mean of normative scores. Global impairment on the MACFIMS was defined, by convention, as impairment on 2 or more cognitive measures. After completion of the MACFIMS, subjects were administered 3 further tests:
The American National Adult Reading Test (ANART) 17 : This test was used to assess premorbid IQ.
The Stroop Test 18 : A computerized version of this classic distracter task was used to measure the ability of subjects to focus attention on one attribute of a compound stimulus while ignoring a competing attribute. We have previously used this version of the Stroop Test to detect differences between subjects with MS and healthy control subjects. 19, 20 Failure on this task was defined as a score below the 5th percentile of total test time obtained from the matched control sample of 27 healthy subjects. The Stroop paradigm was specifically chosen as an additional index of distractibility in keeping with our a priori hypothesis concerning inattentional blindness.
The Gorilla in the Room Test 21 : This cognitive test probes inattentional blindness. Subjects were shown a 30-second film clip in which 3 people wearing white shirts passed a basketball to one another while another 3 people in black shirts passed a different basketball to each other. Subjects were instructed to count the number of passes made by the players wearing white only. As per the test's instructions, the subjects were also told the following, to quote: "…This counting task can be difficult. It requires sustained attention and concentration but most people can do it if they concentrate hard enough." Halfway through the test, a person wearing a gorilla suit wanders into the subjects' field of view, waves her hands, and then leaves. Two performance variables were obtained from this test, i.e., whether the subject did, or did not, see the gorilla and the number of passes of the ball between the players in white. Historically, in the assessment of inattentional blindness, correctly counting the passes has not been considered important, regarded instead as a means to an end. 6 However, given that we shifted the use of the test from a healthy sample to a MS sample and considering the broader aim of our inquiry, the accuracy of the counting assumed a new and important significance. The results from the Gorilla in the Room Test were compared with those from the 27 matched healthy control subjects.
Finally, depression and anxiety were assessed with the MSvalidated Hospital Anxiety and Depression Scale (HADS). 22, 23 Subjects with MS and healthy control subjects completed the ANART, Stroop Test, Gorilla in the Room Test, and the HADS, but control subjects were not given the MACFIMS. 
Comparisons between cognitively intact and impaired patients with MS with respect to inattentional blindness.
There were no differences between cognitively intact and impaired patients with MS when it came to counting the number of passes nor in the frequency with which they detected the gorilla. However, an analysis of individual cognitive tests revealed some significant differences with patients with MS impaired on the Stroop Test and PASAT_2 more likely to detect the appearance of the gorilla. In addition, patients impaired on the SDMT, the Stroop Test, and the CVLT counted fewer passes (table 2) . Similarly, significant correlations were found in the MS group between failure on the Stroop Test and detecting the gorilla (r ϭ 0.3, p ϭ 0.039, Spearman rank correlation), and time to complete the Stroop Test and number of passes detected (r ϭ Ϫ0.4, p ϭ 0.0001; Pearson correlation). Of note, however, was the fact that the inverse association between detecting the gorilla and the number of passes counted did not reach statistical significant (r ϭ Ϫ0.13, p ϭ 0.235; Spearman rank correlation). There were no statistically significant differences between the patients with MS who were cognitively intact or impaired with respect to depression (6.71 [SD 3.70] vs 7.63 [SD 3.73], t ϭ Ϫ0.96, p ϭ 0.34) and anxiety (7.32 [SD 4.14] vs 8.13 [SD ϭ 5.67], t ϭ Ϫ0.66, p ϭ 0.51) scores on the HADS.
DISCUSSION
The prevalence of cognitive impairment in our sample approximates that found in other studies, whereas the breakdown of our sample according to age, gender, physical disability, and disease course is also typical of that seen in MS clinics. From this we have concluded that our sample is broadly representative of the MS population in general.
What is notable about our data is that when we move away from the tried and tested established cognitive parameters, a slightly different perspective comes into view. By shifting the emphasis of our inquiry, we have used a well-known test of inattentional blindness for a different purpose, namely as an objective measure of distractibility. The originators of the Gorilla in the Room Test have made the point that detecting the gorilla is not dependent on IQ or a person's ability to attend to a task. 24 However, this well-replicated finding has been derived from healthy samples. Our data, in part, support this too in that patients with MS found to be cognitively intact on the MACFIMS did not differ in their ability to detect the gorilla and count the correct number of passes compared with results from a healthy control group.
Of note too is that the above finding also held up when we compared gorilla detection between patients with MS who were cognitively impaired and intact. At first glance, this result again supports the assumption made by the authors of the seminal gorilla study that inattentional blindness is not linked to cognitive ability. However, if one parses the cognitive data more finely some striking differences emerge. The determination of overall cognitive impairment on the MACFIMS is based on a composite score. This battery of tests, recommended by expert consensus, as a sensitive and specific index of cognition in patients with MS, taps into multiple individual aspects of cognition as described earlier. Failure on any 2 or more indices is considered statistically the most robust indicator of overall cognitive compromise, which means that an individual may be rated as impaired even if, in theory, memory and executive functioning, to give but 2 examples, are intact. Conversely, failure on a single index of information processing speed does not, by itself, qualify as a marker of overall cognitive compromise. Therein can be found one of the limitations of conventional neuropsychological inquiry, namely that group scores can obscure individual psychometric results that may still be of clinical relevance. Neuropsychologist researchers of course know this, and research is replete with examples of how thresholds are shifted (failure on 1 test, 2 tests, 3 tests, and so on), in the search for a statistically significant result (see an editorial comment on this strategy). 25 These observations are particularly germane when it comes to the gorilla in the room analysis. The Stroop Test was included with the MACFIMS because it is a classic example of a distracter task with subjects having to suppress one aspect of their cognition while focusing on another. It also taps into a subject's vigilance or sustained attention. We hypothesized, a priori, that the inability of subjects to stay focused could in theory mitigate a degree of inattentional blindness, and this was indeed what we found. Stroop-impaired subjects were more likely to see the gorilla, but rather than this detection proving beneficial, the dysfunctional nature of this distractibility was underscored by the Stroopimpaired patients counting statistically fewer ball passes than their intact colleagues. This finding was partly replicated by a finding from one of the MACFIMS tests, i.e., the PASAT, with the result remaining significant even if we took a stricter statistical cutoff (p Ͻ 0.01) in response to the post hoc nature of the analysis. This paradigm has many similarities with the Stroop Test in that it too is timed, probes sustained attention, and involves a strong distraction component with subjects being asked to serially add numbers while suppressing others. In the more demanding of the two PASATs, i.e., with numbers presented every 2 as opposed to 3 seconds, the PASAT-impaired rather than the intact subjects were again more likely to detect the gorilla. Although they also counted fewer passes, this difference did not reach statistical significance. On no other index of cognition were statistically significant gorilla detection differences apparent.
We have shifted paradigms in devising this study and interpreting the findings. Inattentional blindness has not been thought of historically as evidence of cognitive dysfunction in the same way as impaired memory or a dysexecutive syndrome. Numerous studies have shown how 50% or more of healthy individuals including university graduates 24 fail to detect the gorilla. To be sure, inattentional blindness has been evoked to explain all sorts of day-to-day phenomena with negative consequences, for example, drivers not seeing cyclists or motorists resolutely following GPS commands and driving into danger-ous situations (floods, rail tracks, and others). It could therefore be argued that any reduction in inattentional blindness can potentially confer some realworld benefits, but not if this comes at the cost of less efficiency when having to keep focus on the bigger issue. Improved task performance plus detecting the gorilla is the best combination, but when the latter occurs at the expense of the former, then individuals fail at the task set before them. Detecting the gorilla in the context of impaired cognition may therefore be seen not as a plus, but rather as a potential surrogate marker of cognitive failing.
The real-world implications of this hypothesis are readily apparent: workplace inefficiency, distractibility by extraneous stimuli, and inability to multitask. Here we acknowledge a limitation in our study for we do not have independent data from our patients' workplaces or home environments to corroborate these attributions. With this drawback in mind, the results of our study may still be seen as another reminder that patients with MS found to be cognitively intact on conventional, well-validated, and highly touted psychometric batteries such as the MACFIMS may still struggle cognitively if their performance is viewed from a different perspective. Through a paradigm shift, the "invisible" gorilla emerges as an apt metaphor for MS-related cognitive failings that may likewise escape detection.
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